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The evaluation of patients with lower extremity
occlusive disease typically includes noninvasive and
arteriographic studies. Although the decision whether
to operate on patients depends on their symptoms,
physical examination, and noninvasive studies, the
choice of the operation to be performed is based on
the angiogram. Arterial stenoses and occlusions are
identified and the site for the proximal and distal anas-
tomoses of the bypass graft is chosen by means of
arteriography. However, arteriography is costly, inva-
sive, and may be associated with significant complica-
tions. Duplex ultrasound, a noninvasive study, can
also be used as a means of discriminating between
occluded, stenotic, and healthy vessels and is cheaper,
safer, less risky, and less painful than arteriography. To
date, the issue of whether peripheral bypass grafts can
be safely performed with duplex ultrasound alone has
not been thoroughly explored. We evaluated whether
color duplex ultrasound scanning could replace stan-
dard preoperative arteriography in patients requiring
lower extremity revascularization by identifying the
appropriate proximal and distal anastomotic sites.
MATERIALS AND METHODS
A series of patients undergoing evaluation for
lower extremity occlusive disease over a 2-year inter-
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val were eligible for inclusion in this study. All
patients with claudication, rest pain, or nonacute
foot lesions who could be evaluated on an elective
basis were scheduled for standard contrast arteriog-
raphy and color duplex ultrasound studies. Patients
with acutely threatened limbs who required urgent
hospital admission and intervention were excluded
from this study, as were patients found to have
hemodynamically significant aortoiliac lesions based
on an angiogram. However, if an aortoiliac lesion
could be successfully treated with balloon angioplas-
ty or stenting, then the patient remained in the study
group. The duplex studies were used to map the pat-
tern and severity of disease in the infrainguinal vas-
culature. The duplex ultrasound examinations were
performed by 2 registered vascular technologists
(W.D. and G.B.) committed to this project, but
blinded to any arteriographic findings. These studies
were performed on ATL HDI 3000 or 5000
(Advanced Technology Labs, Bothell, Wash) color
duplex ultrasound devices. 
Patients were placed supine on the examination
table, and the femoral artery was insonated. If the
femoral artery acceleration time was less than 133
cm/s2, iliac disease was ruled out and the common
femoral artery distal to the inguinal ligament was the
first vessel imaged.1 If the femoral artery accelera-
tion time was more than 133 cm/s2, the iliac vessels
were also evaluated for diagnostic (not mapping)
purposes. The limb being studied was externally
rotated to evaluate the thigh and medial calf vessels
and straightened to evaluate the anterior tibial
artery. The common, superficial, and deep femoral,
above- and below-knee popliteal, tibial, peroneal,
and pedal vessels were studied in a continuous fash-
ion throughout their course. A broadband L7-4
MHz linear array transducer was used to scan the
long axis of the leg from the femoral through the
popliteal arteries, and L12-5 broadband linear or CL
10-5 curved array transducers were used when nec-
essary to image the distal vasculature. 
During the procedure, the color flow image was
used to identify the vessels and to place the sample
volume. When the color flow channel exhibited alias-
ing or a vessel’s lumen was noted to be narrowed, a
spectral waveform was obtained, and systolic flow
velocities were recorded proximal to and within the
segment of interest. A doubling of the peak systolic
velocity from the adjacent proximal segment was
interpreted as a more than 50% stenosis. If the peak
systolic velocity was increased, but not doubled, a less
than 50% stenosis was present. The absence of color
flow within a vessel signified an occlusion. Based on
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these findings, vessels were graded as normal, occlud-
ed, moderately diseased (less than 50% stenosis), or
severely diseased (more than 50% stenosis). Although
the limbs were scanned in a continuous fashion, the
technicians were asked to specifically document the
presence of disease in the proximal and distal halves
of the above-knee popliteal artery and in the proxi-
mal, middle, and distal thirds of the tibial and per-
oneal arteries. This information was used to more
precisely predict the appropriate anastomotic sites for
the bypass grafts. With these criteria, a duplex arteri-
ogram or “map” of the entire lower-extremity vascu-
lature was created (Fig 1). Duplex mapping of the
infrarenal aorta, iliac, femoral, and popliteal arteries
and the tibioperoneal trunk required approximately
40 minutes. Evaluating the remainder of the distal
vasculature added between 20 and 30 minutes to the
examination.
An observer blinded to the operation performed
predicted what bypass graft would be necessary and
where the proximal and distal anastomoses would be
performed, based on duplex arterial mapping (DAM)
results. The blinded observer was a vascular surgeon
with extensive experience in interpreting duplex stud-
ies and considerable expertise in peripheral bypass
graft surgery. The anastomotic sites were predicted
based on the location of a skin incision that would be
necessary to expose the relevant vessel. We arbitrarily
divided the above-knee popliteal artery into proximal
and distal halves, recognizing that the skin incision
and dissection necessary to expose the “at-the-knee”
above-knee popliteal artery was significantly different
from that required to expose this vessel more proxi-
mally. Because of the shorter length and more
straightforward dissection of the below-knee popliteal
artery, this vessel was not further subdivided. In the
patients predicted to require bypass grafts beginning
or ending at a crural artery, the observer was required
to localize the site of the anastomosis to the proximal,
middle, or distal third of the tibial or peroneal arter-
ies (Figs 2 and 3). After surgery, the predicted anas-
tomotic sites were compared with the actual anasto-
moses performed by the surgeon.
RESULTS
Forty-one patients who had DAM underwent
bypass grafting and made up the study group. Their
average age was 69 years, and their co-existing med-
ical problems included hypertension (27 patients,
66%), coronary artery disease (25 patients, 61%), 
diabetes (24 patients, 59%), chronic renal insufficien-
cy (6 patients, 15%), and cigarette smoking (20
patients, 49%). The indications for surgery were gan-
grene in 25 patients (61%), claudication in 13
patients (32%), and rest pain in 3 patients (7%). Five
patients had previous peripheral bypass graft surgery
on the side being studied. Of these, 4 patients had
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femoropopliteal bypass grafts that were closed, and 1
patient had a below-knee popliteal-to-tibial artery
bypass graft that was still functioning despite a severe
stenosis in the superficial femoral artery. Twenty
patients required femoropopliteal bypass grafts, and
21 patients had infrapopliteal procedures. That 19 of
20 patients (95%) who underwent femoropopliteal
bypass grafting and 18 of 21 patients (86%) who
received infrapopliteal bypass grafts would require
femoropopliteal and infrapopliteal bypass grafts,
respectively, was correctly predicted by means of
DAM. Therefore, 37 of the 41 patients (90%) were
predicted to require the correct level of bypass graft
by means of DAM.
Both anastomotic sites in 18 of 20 patients (90%)
who underwent femoropopliteal bypass grafting and
3 of 13 patients (23%) who had femoral-to-crural
artery bypass grafts were accurately predicted by
means of DAM. Both anastomoses were accurately
predicted in 1 of 4 patients undergoing tibio-crural
or crural-to-pedal bypass grafts, in none of the 3
patients requiring popliteal-to-tibial or peroneal
artery bypass grafts, and in 1 patient who required a
popliteal-to-pedal artery bypass graft (Table I).
The proximal anastomoses in 33 grafts originat-
ing at the femoral artery and 3 grafts beginning at
the below-knee popliteal artery were accurately pre-
dicted by means of DAM. Incorrect predictions
occurred in 3 of 4 patients with bypass grafts origi-
nating from crural vessels and in 1 bypass graft that
originated at the above-knee popliteal artery.
The distal anastomoses in 11 of 13 (85%) grafts
terminating at the above-knee popliteal artery were
correctly predicted by means of DAM, and it was
also accurately predicted whether these 11 bypass
grafts should terminate within the proximal or distal
halves of this vessel. Seven bypass grafts terminated
at the below-knee popliteal artery, and all were cor-
rectly predicted by means of DAM. 
Of 15 grafts to crural vessels, the distal anasto-
mosis was correctly predicted in only 4 patients
(27%). Each of these 4 patients had only 1 crural
artery that was continuous to the foot, and the
observer was able to predict in all cases whether the
bypass graft should terminate within the proximal,
middle, or distal third of this vessel. Four patients
had pedal artery bypass grafts, and the correct distal
anastomotic site was predicted in 3 by means of
DAM. One patient whose bypass graft ended at the
tibioperoneal trunk was wrongly predicted to
require a peroneal artery bypass graft. The distal
anastomosis was correctly predicted in 1 patient
whose graft was anastomosed to a previously placed
Fig 1. Sample bilateral lower extremity duplex arterial
map. The duplex mapping forms are a graphical represen-
tation of the lower extremity vasculature from the inguinal
ligament through the feet. The common femoral (CFA),
deep femoral (DFA), superficial femoral (SFA), above
knee popliteal (AKP), below knee popliteal (BKP), ante-
rior tibial (ATA), peroneal (PER), and posterior tibial
(PTA) arteries are each seen, as is the tibioperoneal trunk
(TPT) and the pedal vessels (not labeled). Arterial stenoses
and occlusions corresponding to the patient’s pattern of
disease are drawn on the form during the duplex study.
Occlusions are denoted by filling in the entire lumen of
the relevant segment, whereas stenoses are filled in less
completely. An asterisk (*) next to a stenotic segment rep-
resents a more than 50% stenosis. Note that the AKP is
divided into proximal and distal halves for imaging and
mapping purposes. In this example, more than 50%
stenoses have been documented within the right SFA and
TPT. The right CFA, BKP, and ATA are less severely dis-
eased, and the distal PTA and the entire PER are occluded.
On the left side, the SFA and the proximal AKP are occlud-
ed. The distal AKP, BKP, and infrapopliteal vessels are free
of significant disease.
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Fig 2. Examination of a 79-year-old man with rest pain in the right foot. A, This preopera-
tive arteriogram reveals a patent deep femoral artery (DFA) and an occlusion of the proximal
superficial femoral artery (SFA). The below-knee popliteal (BKP) artery is patent, the tibioper-
oneal trunk (TPT) is severely diseased, and the posterior tibial artery (PTA) has straight line
flow to the foot. Note that the peroneal and anterior tibial arteries are occluded. B, Color flow
is seen on the duplex image of the patent proximal SFA, whereas the occluded distal SFA does
not exhibit color flow. C, Blood flow velocities of 40 cm/s in the BKP and 142 cm/s in the
TPT are revealed by means of spectrum analysis. The increase in velocity confirms the presence
of a more than 50% TPT stenosis. D, Flow in 2 anterior tibial veins (ATV) is revealed by means
of a color flow image of the proximal calf; however, color flow cannot be elucidated within the
anterior tibial artery (ATA), which is therefore occluded at this level. E, Distally, the reconsti-
tution of the ATA is confirmed by means of color flow within it. F, No flow disturbances and
a widely patent lumen are revealed by means of a color flow image of the PTA. 
Continued
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vein graft. Comparisons of predictions made by
means of DAM and the actual anastomoses per-
formed are presented in Table II. 
DISCUSSION
Arteriography has traditionally been the diagnos-
tic test of choice before lower extremity revascular-
ization. Arteriography visualizes the vessels in a for-
mat that is easy for the surgeon to interpret and
helps the surgeon plan what operation to perform.
However, arteriography can add significantly to the
cost of a patient’s preoperative evaluation and is
associated with a small but significant complication
rate. In our institution, a patient is billed approxi-
mately $2500 for an uncomplicated routine lower
extremity angiogram, compared with approximately
$200 for a duplex study. In addition, the complica-
tion rate associated with arteriography is between
1.7% and 3.6%, depending on whether a trans-
femoral or transaxillary approach is used.2-5 The
most frequently reported complications include
hematoma, bleeding, pseudoaneurysm formation,
embolization, allergic reaction, or renal failure.
Magnetic resonance angiography has been touted as
an alternative to conventional arteriography, but it is
also expensive, highly operator-dependent, and not
widely available. Duplex ultrasound is evolving into
a useful tool for vascular imaging that, in contrast to
arteriography, is inexpensive, risk-free, and well tol-
erated by patients. Although others have compared
duplex sonography and arteriography with respect
to the detection of stenotic, occluded, and patent
vessels, there remains considerable debate regarding
its accuracy in this setting. Moreover, the signifi-
cance and surgical usefulness of these comparisons
has not been extensively evaluated in the clinical set-
ting.6-15
We found that the location for both anastomoses
was correctly predicted by means of DAM in all but
2 of the patients requiring femoropopliteal bypass
grafts. One of the patients whose anastomoses were
incorrectly predicted was a claudicant with a severe
distal above-knee popliteal artery stenosis and large
geniculate collaterals. This patient was predicted to
require a bypass graft to the below-knee popliteal
Fig 2. Cont’d G, The arterial map that was created based
on these duplex findings. Note that all arterial occlusions
and stenoses seen on the preoperative angiogram were also
imaged by duplex. This patient underwent femoral-PTA
bypass grafting, which was the procedure he was predict-
ed to require based on the duplex arterial mapping results.
Fig 3. Examination of an 80-year-old woman with gan-
grenous left toes. A, The findings of this patient’s preoper-
ative arteriogram (bottom) were corroborated by means of
the arterial mapping (top). The patient had a tibioperoneal
trunk occlusion and a reconstituted peroneal (PER) artery
in the mid-calf, which fills the proximal dorsalis pedis artery
through small collaterals. Based on arterial mapping, the
blinded observer could not predict whether the patient
would require bypass graft to the DPA or to the PER. Based
on the angiogram and the small PER-to-DPA collaterals,
the decision was made to perform bypass grafting to the
DPA. B, The distal anastomosis to the DPA is demonstrat-
ed by means of the intraoperative completion study.
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artery; however, the surgeon chose to perform a
bypass graft terminating at the above-knee popliteal
artery. The second patient was also a claudicant who
had an occlusion of the tibioperoneal trunk and also
had large geniculate collaterals. This patient was pre-
dicted to require a tibial artery bypass graft, but
underwent a femoral-to-above-knee popliteal artery
bypass graft despite the distal lesion. Excluding these
2 patients, who arguably could have had alternative
procedures, all patients who needed femoropopliteal
bypass grafts could potentially have been treated on
the basis of DAM alone without preoperative arteri-
ography.
On the other hand, DAM performed poorly in
most patients who required distal bypass grafts.
Approximately 75% of these patients did not have
their distal anastomoses accurately predicted by
means of DAM. Therefore, these patients could not
have been appropriately treated without an arteri-
ogram. The most common reason the correct anas-
tomotic site could not be predicted by means of
DAM was that 2 or more tibial vessels were patent
and equally diseased. If it could be discerned by
means of DAM which of 2 or 3 tibial vessels was the
least diseased, improved predictive results could be
anticipated. The correct distal anastomoses were
predicted by means of DAM in all tibial bypass grafts
performed in the patients who had only 1 patent tib-
ial artery that was continuous to the foot. These
patients could also potentially have been treated
without an arteriogram.
Although DAM can be used as a means of estab-
lishing whether a vascular segment is patent, dis-
eased, or occluded and can predict the origin and
termination of bypass grafts in selected patients, its
ability to precisely localize the anastomotic site has
not been extensively studied. Our preliminary results
indicate that the distal anastomotic site for an above-
knee femoropopliteal bypass graft can be localized
by DAM to the proximal or distal half of this vessel.
We were not able to confirm the accuracy of DAM
as a means of predicting the location of the distal
anastomosis within a crural vessel. We therefore
believe that confirmatory angiograms should still be
obtained in most patients predicted by means of
DAM to require a bypass graft to a pedal or crural
artery. One possibility for further limiting the role of
preoperative arteriography would be to use DAM as
a means of facilitating limited intraoperative arteri-
ograms that can be performed through direct punc-
tures of the exposed femoral or popliteal arteries. 
Because DAM is noninvasive, serial examinations
can be obtained if a patient’s symptoms change or if
there is a prolonged interval between a diagnostic
test and surgery. With angiography, repeated exami-
nations are associated with increased cost and risk
and may not be reimbursed by insurance carriers.
DAM might be particularly useful in patients in
whom angiography is contraindicated, eg, those
with impaired renal function or severe dye allergies.
DAM suffers from several important limitations.
First, imaging may be difficult in patients with cor-
pulent limbs, severe vascular calcification, or open
wounds overlying the course of the relevant vessels.
Second, some of the vasculature may be difficult to
visualize even in normal limbs. For example, the ter-
minal branches of the peroneal artery may be diffi-
cult to see, and the anterior tibial artery may be hard
to study within the interosseus membrane and
beneath the extensor retinaculum. Next, there are
no universally recognized standards for grading the
degree of stenoses within the lower extremity vascu-
lature, and duplex imaging is somewhat subjective
and, therefore, lacks consistent interobserver repro-
ducibility. 
Finally, we chose not to evaluate the role of
DAM in patients with acute limb-threatening
ischemia or in patients with co-existing aortoiliac
occlusive disease requiring concomitant manage-
ment. Although the patterns of disease in patients
with acute limb-threatening ischemia may be similar
to that in patients with chronic ulcers or gangrene,
it is possible that the hemodynamic derangements
associated with an acutely ischemic extremity may
adversely affect accurate duplex mapping. Similarly,
the duplex criteria for diagnosing significant aorto-
Table I. Comparison of duplex arterial mapping (DAM) predictions and actual bypass grafts performed
Both anastomotic sites correctly Both anastomotic sites correctly
Actual bypass graft performed Number predicted by means of DAM (n) predicted with DAM (%)
Femoropopliteal 20 18 90
Femoro-tibial-pedal or vein graft 13 3 23
Popliteal-tibial or pedal 4 1 25
Tibial-tibial or pedal 4 1 25
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iliac occlusive disease has not been well established,
and we sought to eliminate this potentially con-
founding circumstance. 
The role of duplex ultrasound scanning as a
screening test in vascular patients is well established,
and improvements in ultrasound imaging continue to
increase its diagnostic potential. With increasing fre-
quency, patients who require vascular procedures such
as carotid endarterectomy are being safely treated
relying on duplex findings alone.16,17 Based on our
preliminary results, we believe that DAM is capable of
playing an increasing role in the evaluation of patients
with peripheral vascular disease. By avoiding routine
arteriography, we appear to be able to substantially
reduce the risk and cost of a standard preoperative
work-up for lower extremity occlusive disease with
DAM. Based on our results, we feel that DAM can be
used to evaluate all patients with claudication, rest
pain, or limb-threatening lower extremity ischemia
who require intervention. If the duplex study reveals
that the patient can be treated with a femoropopliteal
bypass graft, then routine preoperative contrast arteri-
ography need not be undertaken. Moreover, when it
is predicted by means of DAM that a patient needs a
femoropopliteal bypass graft, the actual location for
both anastomoses can also be predicted. However, if
the duplex mapping results are equivocal, some form
of arteriographic confirmation of the anatomy should
Table II. Comparison of duplex arterial mapping (DAM) predictions and actual proximal and distal
anastomotic sites
Number of anastomoses Anastomotic site predicted Error made with DAM,
predicted correctly by means of DAM, resulting in disagreement
Actual proximal by means of if different than actual between the predicted and
anastomosis (artery) Number DAM (%) anastomotic site (artery) the actual anastomotic sites
Femoral 33 33 (100)
Above-knee popliteal 1 0 (0) Femoral (1) None—limited vein (1)
Below-knee popliteal 3 3 (100)
Crural 4 1 (25) Below-knee popliteal (3) None—limited vein (1);
underestimated extent 
of disease in below-knee 
popliteal artery (2)
Number of anastomoses Anastomotic site predicted Error made with DAM,
predicted correctly by means of DAM, resulting in disagreement
Actual distal by means of if different than actual between the predicted and
anastomosis (artery) Number DAM (%) anastomotic site (artery) the actual anastomotic sites
Above-knee popliteal 13 11 (85) Below-knee popliteal (1), None—above-knee 
tibial (1) popliteal artery stenosis 
(1) and tibioperoneal 
trunk occlusion (1) 
were ignored in patients
with claudication who 
had large geniculate 
collaterals
Below-knee popliteal 7 7 (100)
Tibio-peroneal trunk 1 0 (0) Peroneal Erroneously diagnosed a 
tibioperoneal trunk 
occlusion when this 
segment was patent
Crural 15 4 (27) Alternate crural (8), below-knee Unable to distinguish
popliteal (3) between alternate crural
arteries (8); underesti-
mated extent of disease 
in below-knee popliteal 
artery (2); erroneously 
diagnosed an occluded 
proximal anterior tibial 
artery as patent (1)
Pedal 4 3 (75) Alternate crural (1) Unable to distinguish 
between alternate tibial 
artery (1)
Other* 1 1 (100)
*Bypass graft to a distal vein graft (1)
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still be obtained. A limited intraoperative angiogram
may be used as a means of corroborating the nonin-
vasive study without the need for a formal, conven-
tional preoperative angiogram. If it is revealed by
means of duplex mapping that a patient will require a
distal bypass graft, then routine preoperative arteriog-
raphy should still be undertaken. 
REFERENCES
1. Kupper, CB, Burnham SJ, Keagy BA. Spectrum analysis of
the femoral artery for identification of iliac artery lesions.
Bruit (J Vasc Technol) 1984;8:157–63.
2. Hessel SJ, Adams DF, Abrams HL. Complications of angiog-
raphy. Radiology 1981;138:273–81.
3. Sigstedt B, Lunderquist A. Complications of angiographic
examinations. AJR 1978;130:455–60.
4. Formanek G, Frech RS, Amplatz K. Arterial thrombus for-
mation during clinical percutaneous catheterization.
Circulation 1990;41:833–9.
5. Lang EK. A survey of the complications of percutaneous ret-
rograde arteriography. Radiology 1963;81:257–63.
6. Larch E, Minar E, Ahmadi R, Schnurer G, Schneider B,
Stumpflen A, et al. Value of color duplex sonography for evalu-
ation of tibioperoneal arteries in patients with femoropopliteal
obstruction: A prospective comparison with antegrade intraar-
terial digital subtraction angiography. J Vasc Surg 1997;
25:629–36.
7. Karacagil S, Lofberg AM, Granbo A, Lorelius LE, Bergqvist
D. Value of duplex scanning in evaluation of crural and foot
arteries in limbs with severe lower limb ischaemia—A prospec-
tive comparison with angiography. Eur J Vasc Endovasc Surg
1996;12:300–3.
8. Cossman DV, Ellison JE, Wagner WH, Carroll RM, Treiman
RL, Foran RF, et al. Comparison of contrast arteriography to
arterial mapping with color-flow duplex imaging in the lower
extremities. J Vasc Surg 1989;10:522–9.
9. Polak JF, Karmel MI, Mannick JA, O’Leary DH, Donaldson,
MC, Whittemore AD. Determination of the extent of lower-
extremity peripheral arterial disease with color assisted duplex
sonography: Comparison with angiography. AJR 1990;155:
1085–9.
10. Moneta GL, Yeager RA, Antonovic R, Hall LD, Caster JD,
Cummings CA, et al. Accuracy of lower extremity arterial
duplex mapping. J Vasc Surg 1992;15:275–84.
11. Hatsukami TS, Primozich JF, Zierler E, Harley JD,
Strandness DE. Color Doppler imaging of infrainguinal arte-
rial occlusive disease. J Vasc Surg 1992;16:527–33.
12. Pemberton M, London NJM. Colour flow duplex imaging of
occlusive arterial disease of the lower limb. Br J Surg
1997;84:912–9.
13. Koelemay MJW, DenHartog D, Prins MH, Kromhout JG,
Legemate DA, Jacobs MJHM. Diagnosis of arterial disease of
the lower extremities with duplex ultrasonography. Br J Surg
1996;83:404–9.
14. Elsman BHP, Legemate DA, VanDer Heijden FHWM,
DeVos HJ, Mali WPTM, Eikelboom BC. Impact of ultra-
sonographic duplex scanning on therapeutic decision making
in lower-limb arterial disease. Br J Surg 1995;82:630–3.
15. Lai DTM, Huber D, Glasson R, Grayndler V, Evans J, Hogg
J, et al. Color duplex ultrasonography versus angiography in
the diagnosis of lower-extremity arterial disease. Cardiovasc
Surg 1996;4(3):384–8. 
16. Dawson DL, Roseberry CA, Fujitani RM. Preoperative test-
ing before carotid endarterectomy: A survey of vascular sur-
geon’s attitudes. Ann Vasc Surg 1997;11:264–72.
17. Wain RA, Lyon RT, Veith FJ, Berdejo GL, Yuan JG, Suggs
WD, et al. Accuracy of duplex ultrasound in evaluating
carotid artery anatomy before endarterectomy. J Vasc Surg
1998;27:235–44.
Submitted Jun 11, 1998; accepted Aug 20, 1998.
Dr Gregory L. Moneta (Portland, Ore). Dr Wain,
congratulations on a nice presentation. Also, congratula-
tions to your institution and your coauthors for providing
you with the opportunity to succeed and to present this
paper here today. 
Those of you who have remained at this late hour in
anticipation of a another bloodletting by a member of the
Oregon faculty on some helpless resident or junior faculty
member are going to be disappointed by this discussion.
Dr Wain has asked a reasonable question. His methods,
although not perfect, are also reasonable, and his results
generally substantiate his conclusions. 
We have to remember that we have no agreement
about optimal anastomotic sites for leg bypass graft. There
is no standard, and investigators are required to create
standards whenever a project such as the one presented by
Dr Wain is performed. In this study, the reference stan-
dard was whatever was actually done. 
Dr Ted Kohler of Seattle previously performed a
analysis similar to the one presented today. Dr Kohler
determined that individual surgeons tended to perform the
same operations for lower extremity occlusive disease,
regardless of whether the location of occlusive lesions was
determined by means of angiography or by means of
duplex scanning. However, different surgeons at different
institutions, given the same information, often differed in
their choice of operation. Dr Wain, how did you exclude
that your level of agreement for anastomotic sites in
femoral popliteal bypass grafts was not favorably influenced
by similar practice patterns of the operating surgeon and
the observer predicting the operation based on duplex? 
In addition to proximal and distal anastomotic sites,
conduit is the third and, arguably, most critical component
of planning an infrainguinal bypass graft. Was the surgeon
predicting the operation based on duplex privy to the
same information concerning length and quality of avail-
able autogenous conduit?
I’m also interested in the use of femoral artery accelera-
DISCUSSION
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tion times to exclude upstream iliac occlusive disease.
Analysis of distal waveforms to assess upstream occlusive dis-
ease is made less accurate by the presence of simultaneous
downstream occlusive disease, which, of course, was present
in all patients in this study. How did you incorporate errors
in your predictions of iliac occlusive disease in your analysis,
and what is your laboratory’s accuracy for duplex scanning as
a means of identifying iliac occlusive disease? 
Finally, a note of caution. Vascular surgery can be
likened to a military campaign, in that the best intelligence
and planning usually wins. Dr. Wain’s paper and others
like it suggest proper avenues of future investigation. It
should not, however, as of yet, be used as justification for
routine performance of femoropopliteal bypass graft based
on duplex alone. Although this may become reality, the
long-term results of such procedures in comparison with
those performed with angiographic imaging will have to
be shown to be actually, and not just theoretically, equal. 
I thank the program committee for the opportunity to
discuss this paper, but do ask that next time you give me
one of which I can be more critical, so that I can contin-
ue Dr Porter’s legacy at Oregon. Thank you. 
Dr Reese A Wain. Thank you for your comments, Dr.
Moneta, and I appreciate your not initiating a bloodletting
at this late hour. 
We did not attempt to evaluate whether similar prac-
tice patterns among the surgeons involved in the study
would influence the degree of agreement regarding the
anastomotic sites chosen by the single blinded observer. I
think we could have eliminated the potential for such bias
by using multiple blinded observers, and I am sure the
results would have differed somewhat. The reason for this,
as you point out, is that in many cases there is not one
“correct” operation to perform and that several alternative
procedures could prove equally effective.
The blinded observer who was predicting the opera-
tion based on duplex findings was not privy to any infor-
mation concerning the length, quality, or availability of
autogenous conduit. Our protocol withheld this informa-
tion from the observer, but led to a disagreement between
the predicted and the actual anastomotic sites in only 2 of
the patients with limited veins who would otherwise have
been candidates for crural or pedal bypass grafts. The pre-
dictions in both of these patients would still have been
incorrect, because distinguishing correctly between alter-
nate crural vessels was not possible with duplex mapping.
Although our results would not have changed had we fac-
tored in conduit-related issues, in clinical practice the type
of bypass graft performed certainly would be affected by
the availability, length, and quality of autogenous conduit.
Only 2 patients in this series were found to have sig-
nificant iliac lesions, and both of these patients had dimin-
ished femoral pulses and increased femoral artery acceler-
ation times. These patients’ lesions were subsequently
imaged by means of the duplex study, and both patients
underwent balloon angioplasty and stenting before
infrainguinal bypass grafting. 
We are currently in the process of validating our
results for imaging the iliac vasculature, and I cannot
quote our actual success rate and accuracy at this time. 
I do agree with you that this work should not serve as
justification for routinely performing femoropopliteal or
any other bypass grafts based solely on duplex mapping.
However, I believe that duplex arterial mapping can serve
as a means of facilitating limited intraoperative contrast
studies and avoiding conventional preoperative arteriogra-
phy in select patients.
Dr Enrico Ascher (Brooklyn, NY). Dr. Wain, I agree
with most of what you said, but I’d be even more aggres-
sive in conclusion. In the last 11 months, we performed
106 duplex arterial mappings in candidates for infrain-
guinal bypass grafts. In phase 1, we compared duplex with
arteriography, and after eliminating the first 15 cases
because of the learning curve, we found that there was an
agreement of 95% for the choice of inflow and an 88%
agreement for the choice of outflow. In phase 2, we per-
formed 51 bypass grafts based solely on duplex arterial
mapping and, of these, 23 were to one of the infrapopliteal
arteries with early graft patency and limb salvage results as
good as the ones obtained with arteriography. 
Based on our experience, which was presented in the
Peripheral Vascular Society meetings 3 days ago, I believe
that tibial bypass grafts can now safely be performed without
arteriography. Although I compliment you on a very nicely
done, well-presented study, I do not believe that you should
give up on the infrapopliteal bypass grafts. I think you should
go back and work with your ultrasonographer, because in
our series these ultrasounds were performed by a vascular
surgeon, and I think that would add a lot to your study. 
Thank you very much for the opportunity. 
Dr Wain. Thank you, Dr Ascher, and I congratulate
you on your early results using duplex mapping without
arteriography to perform distal bypass grafts. We have not
given up on the possibility of performing infrapopliteal
bypass grafts without arteriography, and we are aggres-
sively seeking to improve our mapping capabilities.
Dr Robert M. Zwolak (Lebanon, NH). I have 2 ques-
tions that are fairly simple. First, you’ve told us you had a
low success rate, 24%, in identifying the target, but you
really didn’t provide us with an analysis of the reason why
your success rate was so low. I guess this may explain the
difference between your study and Dr Ascher’s. Could
you provide us with a couple short comments on why you
feel your success rate was low?
The second question has to do with the ability to iden-
tify a stenosis below a total occlusion. We have analyzed
this problem, and we’re at somewhat of a loss to find val-
idated criteria to identify the presence of a 50% stenosis in
an artery that is beyond a total occlusion. 
Dr Wain. We, too, have had difficulty in accurately pre-
dicting the presence of stenoses below arterial occlusions,
although this seems to be more of a problem in the
infrapopliteal than in the above-knee vasculature. Therefore,
this problem probably had more of an impact on how we
assessed patients who required distal bypass grafts, as
opposed to those in need of femoropopliteal bypass grafts. 
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The poor results in finding a target vessel in the
infrapopliteal segment were, in most cases, caused by the
inability to distinguish between alternate patent crural ves-
sels or pedal vessels by means of a duplex examination. For
the purposes of our study, we did not allow the blinded
observer or the ultrasound technician the latitude to
decide whether one patent tibial vessel was more appro-
priate for a distal anastomosis than another. So, when
more than one tibial artery was patent, we reported that as
an inability to predict one distal anastomotic site by means
of the duplex mapping. I believe that if we had asked the
vascular technologist to predict which vessel would serve
as the best anastomotic site, our results would have been
significantly improved and perhaps as good as those cited
by Dr Ascher. 
Dr Samuel S. Ahn (Los Angeles, Calif). Congratulations
to the authors; I enjoyed this presentation very much.
However, I want to point out that 95% or 80% or 90% is not
good enough. I think that you cannot do just duplex scan
alone, at least not in most practices or in most laboratories,
or at least not in our laboratory. I have routinely been taking
patients to the operating room based on duplex scan alone
without a separate preoperative angiogram for the past year,
but I always do a selective intraoperative angiogram to con-
firm the duplex scan findings. Indeed, I have found that our
duplex scanner is about 90% correct, but it’s not 100%. And
90% is not good enough. So, the intraoperative angiogram,
I think, is still important and I would not give up on that. 
Dr Wain. I agree wholeheartedly with everything you
said, and I cannot emphasize enough that I would not advo-
cate performing femoropopliteal or any other bypass grafts
solely on the basis of duplex mapping. However, I think that
if it is predicted by means of duplex mapping that a patient
can have a femoropopliteal bypass graft, I would feel com-
fortable in doing a limited on-the-table study, perhaps after
I exposed the femoral vessels to confirm the results of the
noninvasive examination. In this fashion, it is reasonable to
assume that I could avoid performing the wrong bypass
grafts in the 10% of patients whose anastomotic sites were
incorrectly predicted based on mapping alone.
